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Oil  delivery  data  were  collected  for  twenty- four  building  types  at 
three  Arruy  installations  in  the  Washington,  DC  area.  These  data,  collected 
for  F&75  and  FY76,  were  analyzed  to  determine  the  heating  energy  consumed 
by  the  different  building  types.  The  average  heating  energy  consumption 
as  well  as  the  high  and  low  samples  were  calculated  and  plotted  for  each 
building  type.  The  report  provides  a data  base  for  determining  where 
the  application  of  energy  conservation  techniques  is  feasible  and  cost 
effective  and  where  the  use  of  energy  control  systems  is  mot  cost 
effective. 
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1.0  INTRODUCTION 

A major  problem  in  establishing  cost  effectiv'^ness  of  energy  control 
systems  and  energy  conservation  ideas  is  to  determine  how  much  energy  a 
building  consumed  before  the  energy  control  system  or  energy  conservation 
concept  was  implemented.  This  is  especially  true  at  Arn\y  fixed  facilities 
where  individual  buildings  are  not  metered.  In  order  to  provide  a data 
base  on  load  demand  and  energy  consumed  by  building  type,  an  extensive 
building  metering  program -has  been  undertaken  at  Forts  Bel  voir,  Carson 
and  Hood.  Energy  consumption  and  load  demand  data  will  be  available  in 
FY79  as  a result  of  this  effort.  However,  this  type  of  data  is  required 
now  in  order  to  establish  cost  effectiveness  and  payback  of  energy  con- 
servation ideas  and  energy  control  systems  currently  being  planned  or 
implemented. 

While  individual  buildings  at  fixed  facilities  are  not  metered,  fuel 
oil  is  delivered  to  individual  tanks  and  oil  delivery  receipts  are  recorded 
at  the  Facilities  Engineering  Directorate  at  each  facility.  As  a result 
of  collecting  data  from  oil  delivery  receipts  for  FY75  and  FY76  at  three 
Army  installations  in  the  Washington,  DC  area,  FESA  was  able  to  perform  an 
analysis  that  is  indicative  of  heating  energy  requirements  for  different 
types  of  buildings. 

2.0  DATA  COLLECTION  AND  PREPARATION 

The  buildings  selected  were  checked  for  functional  occupancy  as  well 
as  heated  space  (square  footage).  The  oil  delivered  to  a building  was 
divided  by  the  total  square  footage  to  provide  a gross  consumption  per 
square  foot  for  each  building  type.  Similar  buildings  were  then  analyzed 
to  obtain  a high  value,  a low  value  and  the  average  consumption  per  square 
foot  per  year  for  each  building  type  for  which  data  were  available  (Appendixes 


A,  B,  C).  The  data  from  the  three  installations  were  combined  using  a weighting 
factor  to  obtain  the  heating  energy  consumption  for  a building  type  in  the 
Washington,  DC  area  (Appendix  D).  The  data  presented  in  this  report  could  be 
normalized  on  the  basis  of  heating  degree  days  thus  direct  consumption  or 
extrapolation  of  consumption  can  be  made  by  inference  by  square  footage.  Pages 
D-23,  24,  25  are  plots  of  the  three  installations  compared  to  the  area  base- 
1 ines. 


2J  CALCULATION  OF  THE  HIGH,  LOW  AND  AVERAGE  HEATING  CONSUMPTION 

Oil  consumption  for  each  of  two  years  was  obtained  and  combined.  The 
average  consumption  for  each  building  was  obtained  by  dividing  by  two  giving 
gallons/year. 

This  number  was  then  multipled  by  the  BTU's/gallon  yielding  BTU's/year. 

The  BTU's/year  then  divided  by  the  square  footage  of  ttie  building  to 
obtain  BTU' s/ft^/year. 

All  the  buildings  of  a class  on  an  installation  were  separated  to  give 
the  high  and  low  consumption.  The  average  for  that  class  of  buildings 
on  an  installation  was  obtained  by  summing  the  total  BTU's  consumed  per  ft^/ 
year  and  dividing  by  the  total  number  of  the  buildings  for  this  area. 

If  the  sample  consisted  of  just  one  building,  (its)  consumption  is  used 
as  the  average  consumption  for  that  type  of  building. 

2o2  CALCULATION  OF  THE  COMBINED  INSTALLATION  DATA 

The  total  average  heating  consumption  in  BTL'/ft^/year  for  each  type  of 
building  was  calculated  using: 

ri 

The  total  average  or  _ \ building  areas^  X average  consumption^- 

the  average  line  “ 

i 


i = building 


building  areas 


2 


The  baseline  data  were  calculated  using  a weighting  factor  which  is 
a function  of  the  total  square  footage  of  a particular  building  type  at  an 


installation.  The  use  of  a weighting  factor  precluded  the  information 
from  one  installation  masking  the  data  from  a second  installation. 

n=3 

The  baseline  of  heating  X ''  installation  consumption^  X 

consumption  for  a specific  = weighting  factor) 

type  of  building  i=l 

i = installation  weighting  factor 

Weighting  factor  = weighting  factors  were  derived  for  each  building  type  at 

an  installation.  The  weighting  factor  is  a function  of  the 

total  square  footage  of  a building  type  at  a specific 

installation. 

3.0  ASSUMPTIONS 

The  data  presented  are  based  on  the  following  assumptions: 

1.  The  oil  was  actually  delivered  to  the  specified  building  tank  and 
receipts  reflect  the  correct  building. 

2.  There  is  no  leakage  from  the  oil  tanks  and  no  spillage. 

3.  A specific  building  could  be  off  by  two  tanks  of  fuel  in  the  two 
years  studied  and  is  a function  of  the  fuel  in  the  tank  at  the  start 
and  finish  of  FY75  and  FY76. 

4.  The  oil  was  actually  consumed  in  the  time  period  of  interest. 

The  data  and  conclusions  should  be  applied  cautiously  since  single 

building  samples  do  not  reflect  averages  and  building  consumptions  is  a 
function  of  the  mechanical  equipment  located  in  a specific  building. 


4.0  RESULTS 


The  average  heating  consumption  hy  building  type  for  the  three 
installations  ranked  from  highest  to  lowest  is  given  in  Table  1: 

TABLE  1 

Ranked  Consumption 


Heating  Consumption* 

Rank  Building  Type  BTU  x 10^/sq  ft/year 


1 

Fire  Station 

323 

single 

sample 

2 

Museum 

302 

single 

sample 

3 

Theater 

213 

4 

Gymnasium 

213 

single 

sample 

5 

Band  Auditorium 

210 

single 

sample 

6 

Motor  Repair  Shops 

176 

7 

Field  House 

169 

Single 

sample 

8 

Chapels 

156 

9 

EM  Barracks 

136 

10 

General  Instructional  Bldgs. 

123 

11 

Library 

117 

single 

sample 

12 

Post  Exchange  ‘ 

106 

13 

Officer's  Mess 

102 

single 

sample 

14 

BOO 

102 

15 

EM  Mess 

101 

16 

Laboratories 

100 

17 

Recreational  Center 

99 

18 

Warehouses 

93 

19 

EM  Barracks  with  Mess 

89 

20 

Admin  Offices 

86 

21 

Officer's  Family  Housing 

85 

22 

NCO  Family  Housing 

64 

23 

Commissary 

41 

24 

Bowling  Alley 

36 

single 

sample 

*Values  were  rounded 

Table  2 delineates  the  distribution  of  thermal  energy  at  a typical 
installation.  The  percent  of  building  space  is  given  relative  to  the 
percent  of  the  total  heating  space  requirement  for  seven  different  categories 
of  buildings. 
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TABLE  2 


Building  Consumption 


Category 

% of  Total 

Bui  Iding 

Space 

Relative 

Heating 

Requi rement 

% of  Total 

Heating 

Requirement 

Troop  Housing 

32.5 

1.00 

30 

Family  Housing 

27,9 

1.45 

36 

Administration 
& Training 

11.8 

1.10 

12 

Hospital  & 

Medical 

3.7 

1.20 

4 

Community  Service 
& Commercial 

7.1 

1.30 

8 

Storage 

7.6 

.65 

4 

Maintenance  Pro- 
duction & Misc. 

9.4 

.75 

6 

The  study  results  indicate  that  comunity  service  and  repair  facilities 
are  the  largest  energy  consumers.  The  high  energy  consumption  by  fire  sta- 
tions and  repair  facilities  is  probably  due  to  high  ceilings  and  large  doors 
at  these  buildings.  The  community  service  category  and  the  maintenance  category 
building  types  represent  14%  of  an  installation's  total  thermal  requirements, 
but  only  a small  fraction  of  the  total  number  of  buildings  found  at  a fixed 
facility.  As  a result,  it  is  anticipated  that  the  implementation  of  energy 
conservation  concepts  and  energy  management  systems  in  these  types  of  buildings 
would  have  a high  payback.  The  ranking  and  the  energy  consumption  for  a given 
building  type  will  be  affected  by  the  consumption  factors  in  Table  3 and  may 
offer  an  explanation  as  to  the  high  or  low  energy  consumption  of  a specific 
building  type.  All  of  these  factors  contribute  to  the  diversity  in  consumption 
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between  types  of  buildings  and  within  types  of  buildings.  Calculating  the 
consumption  on  a foot-cubed  (ft^)  basis  would  narrow  the  difference  between 
the  highest  and  lowest  ranking.  However,  for  the  purpose  of  this  report, 
this  information  was  not  developed. 

TABLE  3 

(From  Reference  1) 

Factors  of  Energy  Use 

PRII^RY 

- Equipment 

- Climate 

- Population 

- Building  Volume 

- Age  and  Condition 

- Functional  Use 

- Construction 

SECONDARY  - Operation,  time  element,  i.e.,  mode  of  use 
THIRD  ORDER  - Internal  and  external  effects 

- i.e.,  steam  supply,  radient  effects 
FOURTH  ORDER  - Parasitic  effects  - i.e.,  pilot  lights 

Troop  housing  and  family  housing  represent  the  major  consumers  of 
thermal  energy  at  a fixed  facility  because  of  the  large  number  of  these 
buildings  found  at  an  installation.  A review  of  Table  1 in  conjunction  with 
Table  2 indicates  that  "Barracks"  types  of  buildings  would  be  promising 
candidates  for  energy  conservation  measures  and  energy  control  systems. 

Family  housing  was  the  lowest  building  consumer  category  at  the  three 
installations  examined.  This  could  imply  that  military  families  are  aware 
cf  the  energy  crisis  and  are  practicing  energy  conservation.  In  performing 
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r ^ 

the  analysis  a discernible  trend  was  noted  in  that  energy  consumption  was 
a function  of  rank,  i.e,,  the  higher  the  rank  the  more  energy  consumed. 

This  effect  was  noted  both  in  Officer  and  NCO  family  housing,  however,  the 
data  collected  were  not  sufficient  to  draw  any  conclusions  in  this  report. 

5.0  CONCLUSION 

The  results  of  this  investigation  provide  a data  base  of  determining  the 
heat  energy  requirements  for  different  types  of  buildings  at  fixed  facilities. 

While  the  data  is  based  on  oil  deliveries  to  three  installations  in  the 
Washington,  DC  area,  it  can  provide  a basis  for  implementing  energy  conservation 
concepts  and  selecting  buildings  for  energy  management  control  systems  until 
! better  data  become  available. 

I From  a study  like  this  the  baseline  of  heating  consumption  for  every 

I 

I type  of  building  on  Arny  installations  can  be  estimated  and  the  comparison 

between  the  installation's  consumption  and  the  baseline  consumption  can  be 
made. 


t 
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